The differences between the oscillation frequencies and uncertainy estimates of a star derived by different fitters can be large, sufficiently large so that, were one to find a stellar model that fitted one frequency set (χ 2 ∼ 1), it does not fit an alternative set. The table below Figure 1 displays the frequency differences ν L − ν D (Legacy-Davies) for 16CygA&B and the χ 2 of the fits to each other. A model whose frequencies fit the Legacy frequency set for 16CygA with χ 2 L < 1 could have χ 2 D > 10 for a fit to Davies's frequency set and so would be rejected.
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The differences between the oscillation frequencies and uncertainy estimates of a star derived by different fitters can be large, sufficiently large so that, were one to find a stellar model that fitted one frequency set (χ 2 ∼ 1), it does not fit an alternative set. The table below gives 21 examples, comparing frequency sets in common between the Kepler Legacy project and frequency sets from Appourchaux et al (2014) 1 and Davies et al (2015) 2 . Figure 1 displays the frequency differences ν L − ν D (Legacy-Davies) for 16CygA&B and the χ 2 of the fits to each other. A model whose frequencies fit the Legacy frequency set for 16CygA with χ 2 L < 1 could have χ 2 D > 10 for a fit to Davies's frequency set and so would be rejected.
These differences are not statistical uncertainties; given the same input light curve, differences in estimated frequencies are due to different assumptions/constraints in mode fitting techniques, the segment of the time series used, and the algorithms for determining power spectra. The differences constitute uncertainties in the values of the frequencies and should be added to estimates of errors.
To better understand these differences I applied my own mode fitting code (described below) to 16CygA&B and KIC 6116408, 8379927 and 10454113, using the kasoc power spectra, Davies's spectra and my own power spectra derived from kasoc light curves. I find significant differences between frequencies derived from different power spectra and a smaller difference between weighted and unweighted spectra. I find that different mode height ratios h /h 0 (fixed or free) have little effect except for low values; that too low an inclination angle can have a significant effect; and that rejecting modes with low signal to noise gives very much better agreement between different determinations of frequencies.. Details are presented below.
For 16CygA&B I find modest agreement between Davies's (ν D ) and my frequencies (ν RD ) using Davies's power spectra (χ 2 A = 0.33, χ 2 B = 0.21) and very good agreement if I reject modes with low signal/noise (χ 2 A = 0.06, χ 2 B = 0.03). I do not find such agreement between the Legacy frequencies (ν L ) and my frequencies (ν RL ) derived from the Legacy power spectrum for 16CygA (χ 2 A = 1.53). I find much better agreement between my values ν RD , ν RL from the two power spectra (χ 2 = 0.44). I show that there are some misfits in the Legacy frequencies for 16CygA (Figure 4 below).
For 16CygB two versions of the power spectrum (v1,v2) have been listed on the KASOC website, the earlier version (v1) gives modest agreement between my ν RL and the legacy values (χ 2 B = 0.35) but these differ substantially from the values ν RD from Davies's spectrum (χ 2 = 1.04); using (v2) gives values closer to Davies's values (χ 2 = 0.27) but a considerably larger difference from the Legacy values ν L (χ 2 = 1.13).
For the other 3 stars I find closer (but not good) agreement between my frequencies (ν RA ) and Appourchaux's (ν A ) than with the Legacy values (ν L ). χ 2 of fits of Legacy frequencies to those of Appourchaux and Davies
is the number of frequencies in common, n(< σ m ) the number of frequencies that agree within 1σ m . 4 examples are shown below. 16CygA: iwr's fit to the Legacy power spectrum and Legacy frequencies and fit to Davies power spectrum and Davies frequencies
The following figure shows (in red) my fit to the full power spectrum used in the Legacy fit (courtesy of M Lund) [kplr012069424 kasoc-wpsd slc v1.pow] overlaid on a 0.2µHz boxcar of the spectrum around 3 mode pairs and and (in blue) the location of the Legacy frequencies, which are not in agreement. Below is the comparable fit to the Davies power spectrum for 2 of the mode pairs, which are in agreement. This suggests there may be some error in the Legacy fitting algorithm.
Frequencies at low signal to noise
As shown above I reproduce Davies's frequencies using Davies's power spectra for 16CygA&B with a χ 2 A = 0.33 and χ 2 B = 0.21, the major divergences being at low and high frequencies where the mode heights are small compared to the background and so are very sensitive to modelling of the background, and to the derivation of power spectra from light curves. This, and large mode widths at high frequencies, makes me question the reliability of frequency estimates for low signal to noise.
I define signal/noise (S/N) as the maximum height of a (rotationally split) mode divided by the local background; this is shown in the left panels of the following figure for 16CygA&B for the fits to Davies's power spectra and 16CygB for the kasoc v2 power spectrum; all = 3 and some = 0, 1, 2 modes have S/N<1; as shown in the top 2 right panels if these modes are excluded the quality of the fit of my frequencies (ν RD ) to those of Davies (ν D ) is much improved (χ 2 A = 0.06, χ 2 B = 0.03). The situation is different for 16CygB (and A not shown) using the kasoc v2 power spectrum -there is no improvement in the fit of my frequencies ν RL to the Legacy values (ν L ) -indeed the χ 2 of the fit it is slightly worse than when low S/N modes are included.
Uncertainties in rotation
The fits to Davies's power spectra for 16CygA&B (ν RD ) had rotation and inclination parameters taken as the central values reported in Davies et al (2015) : (ω, i) = (0.495, 56) for A, and (0.466, 36) for B, corresponding to ω sin i = 0.411 for A and 0.274 for B (my standard values). Here I examine how the value of frequencies depends on the estimation of (ω, i). The figure below compares the frequencies of 3 fits to Davies's power spectrum for 16CygA to ν RD . All fits had my standard fixed mode height ratios corresponding to a limb darkening law f (µ) = 0.3 + 0.7µ. I give 3 examples: 1) pole on and/or no rotation; i=0 2) equator on with standard ω sin i = 0.411, i=90 3) my best fit values
The top 2 panels in the figure show the frequency differences and χ 2 of the fits to my reference values ν RD . The pole on case is a poor fit (χ 2 = 0.51), the equator on case is better. The 3rd panel shows the difference between the i = 0 and i = 90 cases which gives some idea of the variation in frequencies with assumed inclination. A more detailed analysis gave χ 2 = 0.5, 0.8, 0.6, 0.1 for i = 10, 20, 30, 40 all with the reference value of ω sin i = 0.411 The final panel compares the best fit values given by searching in a 2-dimensional mesh (ω sin i, i) to find the minimum. The values of (ω, i) = (0.494, 52) are compatible with those of Davies in spite of the fact that ω sin i = 0.388 is outside their estimated error bars (ω sin i = 0..411 ± 0.013). The difference in frequencies is negligible; χ 2 = 0.004.
Davies et al took free mode height ratios so I repeated the analysis with free ratios; in this case the best fit had (ω, i) = (0.508, 52), ω sin i = 0.400, χ 2 = 0.003, but somewhat larger differences at low i I did the same for 16CygB obtaining (ω, i) = (0.339, 48), ω sin i = 0.252, χ 2 = 0.024 with fixed height ratios; and (ω, i) = (0.346, 50), ω sin i = 0.265, χ 2 = 0.048 with free height ratios. Here the difference with Davies's values is larger but still the difference in splitting is very small. I note that my best fits for A&B have almost the same inclinations i = 50 ± 2 o .
